Abstract-The optimization problems of spectrum sensing time and power in CR network are investigated in this paper. Firstly, the energy efficiency optimization problem, whose variables that should be jointly optimized are transmit power and sensing time of cognitive users, is derived. Then, the relations between the energy efficiency and transmit power, the energy efficiency and spectrum sensing time are analyzed, respectively. The numerical results show that CR network can achieve almost the maximum achievable data rate with significant energy saving through the joint optimization.
I. INTRODUCTION
Recently, Cognitive radio (CR) is an efficient way to improve spectrum utilization [1] [2] [3] . The basic idea of CR is to allow unlicensed or secondary users (SU) to access the licensed spectrum originally allocated to primary users (PU) without reducing the quality-of-service (QoS) of the PU. On the other hand, rapidly rising energy costs and increasingly rigid environmental standards have led to an emerging trend of addressing "energy efficiency" aspect of wireless communication technologies [4] .Improving energy efficiency is the ability to reduce environmental pollution and the waste of resources. It is a new communication concept which will achieve harmony between man and nature and the sustainable development.
 User ---Extend the usage time of mobile phones and other mobile devices  Operators ---Reduce operators' operational overhead and ease the crisis of the environment end energy  Environment ---Reduce the impact on the environment, carbon dioxide emissions and electromagnetic radiation
The energy-efficient transmission that takes into account the energy consumption in CR nets is very important to batterypowered devices since they are energy limited. The power consumption of the circuit contains the power consumption of the circuit at the transmitting end and the receiving end [5] [6] . Although we can improve power efficiency, the spectrum efficiency fells. However we improve the spectrum efficiency, but power efficiency decreases. In the previous researches, the tradeoff between throughput and sensing time was addressed in [7] for a single frequency band, where the authors studied the problem of optimal sensing time that maximizes the throughput under a constraint on the probability of detection. However, the power allocation was not considered. This work was extended in [8] [9] for a wideband spectrum, where the problem of finding the optimal sensing time and power allocation scheme that maximizes the average achievable throughput was studied under two different power constraints. In this paper, we will find a balance between them to solve the problem based on energy efficiency, which is quantified by the persistence function, total throughput P . The objective of this paper is to design the spectrum sensing time together with transmit power of SU to maximize the energy efficiency.
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II.
OPTIMIZATION OF SPECTRUM SENSING PARAMETER BASED ON ENERGY EFFICIENCY

A. Secondary User's Operating Mode
Figure Ⅰ [10] shows secondary user's operating mode. Before users transmit the data, secondary user should detect the channel of primary user in simple energy detection method [11] . If the channel is idle, secondary user can conduct data transmission. During the process of data transmission, secondary user will detect the channel periodically for avoiding interference to the primary user. c T is the interval between two consecutive channel detection. After the circulation of sensing, if the primary user's channel is found busy, secondary user must stop data transmission to keep waiting for the next result of next detection.
In this paper, we consider that the single secondary user sense spectrum according to the frame structure. Secondary user access based on overlay mode. We assume that secondary user might just sense one channel every frame with the white Gaussian noise. We also assume that the probability of busy channel obeys the negative exponential distribution of parameters  , probability of busy channel obeys the negative exponential distribution of parameters  .Then we can come to conclusion based on queuing theory.
where on P represents the probability of busy channel , off P represents the probability of idle channel.
FIGURE I. SINGLE PU CHANNEL.
B. The Probability of Detection And False-Alarm
The main indicators to measure the performance of spectrum sensing are detecting probability d P [12] , false alarm Cognitive users detect periodically whether the primary user signal is present every frame. Spectrum sensing for opportunistic access may be formulated as a binary hypothesis test.
where ( ) x t is the primary users' transmitted signal, ( ) n t is the additive white Gaussian noise (AWGN) and h is the amplitude gain of the channel. In this paper, simple energy detection is chosen as the underlying detection scheme [14] .
 may be expressed as:
where ( , )
 represents the detecting probability by using energy detection, ( , )
 represents false alarm probability, t is sensing time [13] .
Where t represents the sensing time,  denotes the sensing threshold of energy detector, g is the received signalto-noise ratio (SNR) from the PU measured at the secondary receiver, s f represents the sampling frequency and finally
C. CR User's Throughput and Power
When Bias risks identified and interference rate controlled below the threshold, the secondary users' average throughput can be expressed as：
where C is channel capacity, T is the length of one frame.
The power of transmission, sensing and the circuit consumption need to be considered in a real system. s P is the sensing power. The transmit power during spectrum sensing time units can be expressed as (at the receiving end). We set the c P is a fixed value, c P can be expressed as
,T x ,R e c c c
When the channel is indeed idle (i.e., the estimation is correct), the secondary user is assigned a portion of the channel at a certain transmit power during the transmission time. The average power can be expressed as off ( ) 1 ( , )
D. A System Model Based on the Energy Efficiency
Optimization problem can be modelled as 
III. ANALYSIS OF THE OPTIMAL MODEL
A. Relation between the Energy Efficiency and Transmit
Power Assume the number of sensing time is fixed. The problem (13) can be simplified as 
B. Relation between the Energy Efficiency and Sensing Time
Assume the transmit power is fixed. To simplify analysis, we denote
The problem (13) 
where  is an arbitrary number larger than 0. We have 
f t  is a convex function.
Proof: First, we find the second derivative of ( , )
P t is a decreasing function [7] . It is a concave function, it means Figure Ⅱ displays energy efficiency as a function of transmit power of CR ( t P ) given sensing time t =6ms (red asterisks), t =8ms (black plus) and t =12ms (blue triangles).
When t P is small, energy efficiency increases sharply with increasing t P , whereas as t P gets larger, energy efficiency decreases slowly. As a whole, an optimal transmit power of CR exists subject to the highest energy efficiency. Moreover, comparing different sensing time, our results about energy efficiency indicates that with smaller sensing time at constant transmit power, energy efficiency gets larger.
The dependence of energy efficiency on sensing time
FigureⅢdisplays energy efficiency as a function of sensing time t given transmit power of CR: t P =0.2w (red asterisks), t P =0.5w (black plus) and t P =0.8w (blue triangles). When sensing time t is small, we will suffer from high false alarm and miss the transmission opportunities. Therefore, throughput is reduced and energy efficiency is also reduced. When sensing time t is increased to certain value, the reduced false alarm and therefore higher throughput may not offset the increasing energy consumption for spectrum sensing. Hence, energy efficiency will drop. As a whole, an optimal sensing time t exists subject to the highest energy efficiency. Secondly, it is observed that optimal sensing time is increased with the increasing transmit power. V.
CONCLUSION
In this paper, the optimization problems of spectrum sensing and power allocation based on energy efficiency in CR network were investigated. There was a trade-off between throughput and power, throughput and sensing time when energy efficiency was chosen as the measurement. The simulation results show the effectiveness of the proposed algorithm and the necessity of the energy efficiency function chosen as the measurement.
